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PREFACE

We embarked on this project realizing that there are, on the market, several excellent
laboratory manuals in molecular biology, and yet feeling that we and our students needed
something which paid more attention to principles and also provided background information
on the evolution of new technology in this field. The task was made difficult by the incredibly
rapid rate of technical progress, which constantly nagged at us and our authors as we tried
to complete this manual in a timely manner. We hope that we have been successful in
keeping only one or two steps behind progress and that this book will prove to be a valuable
addition to libraries of our colleagues and their students. We have tried to select experts in
newly emerging techniques as well as in areas (many of them technically demanding) that
are not frequently covered in other methods books. As editors, we also tried to fill in some
gaps and details that we thought would add balance, i.e., the short chapters on expression
plasmids in prokaryotes (Karam) and rapid immunoscreening of expression libraries (Chao
et al.). About midway through the process of receiving and editing manuscripts for the book,
polymerase chain-reaction (PCR) technology started mushrooming at a pace that we had not
anticipated. Considering that there are several good sources of information on this technology
and its application to different situations (substantial methods books in their own right), we
decided to invite a chapter on an application of PCR that illustrated the basic principle and
that most of us could use right away, hence the short chapter on direct amplification of
DNA from phage plaques (Miller and Jozwik). Deshler et al. also include a section on the
principles and practice of PCR utilizing DNA or RNA as the starting material, and Budowle
et al. deal with the use of PCR in forensic applications. Some techniques, although very
important, are so well covered elsewhere and such good kits are sold for their execution
(e.g., cDNA library construction) that we decided to omit them from this volume. On the
other hand, some methods have become so central and important for most investigations in
molecular genetics that we wanted to include a good selection of these: genomic DNA library
construction (Hinds et al.), electrophoretic separation of large DNA molecules (pulsed-field
gel electrophoresis and related methods, Bentley et al.), the use of prokaryotic (Karam) and
eukaryotic (Maruyama et al.) expression vectors, and DNA sequencing methods (Slatko).

Many of the chapters include experimental details pertaining to widely used methods of
DNA preparation, quantitation, and analysis. In terms of basic approaches to the analysis
of gene structure and function, this volume incorporates a survey of approaches that, in
addition to those mentioned above, includes the preparation of synthetic DNA for use in a
variety of applications (Deshler et al.), in vitro site-directed mutagenesis (Menick), and in
vitro methods for the analysis of eukaryotic transcription (Ruteshouser et al.) and translation
(Wahba and Dholakia). A significant portion of the volume is directed to methods for the
detection of protein/nucleic acid interactions, including gel-retardation assays (Revzin), DNA
footprinting for the analysis of sequence specific proteins (Pauli et al.), and RNA footprinting
techniques, a relatively new tool for the analysis of RNA function (McPheeters). We have
also included approaches for studies in newly emerging areas of interest in molecular biology,
e.g., the chapters on human genome mapping (Lathrop and Nakamura), the use of molecular
biology in forensic analysis (Budowle et al.), the detection of mRNA sequences by in situ
hybridization (Awgulewitsch and Utset), and the production and use of antibodies to synthetic
oligopeptides (Schluter).

In all the invited chapters we asked the authors to provide brief surveys of the literature
that would allow the reader to explore further not only the principles of the techniques, but
also other experimental details. We think that historical or experimental perspectives on
how new technology has developed are of importance in the educational process for the next



generation of biological scientists and hope that in some measure this volume can be of both
practical bench-top utility and educational value.

Jim D. Karam, Ph.D.
Lee Chao, Ph.D.
Gregory W. Warr, Ph.D.
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4 Methods in Nucleic Acids Research

I. INTRODUCTION

The construction of recombinant genomic DNA libraries is a critical step in the analysis
of the genetic makeup of an organism. Early libraries were constructed in plasmid vectors.'
While this approach was useful for the study of simple prokaryotic organisms, the size of
more complex genomes, typically 3 X 10° bp (base pairs) or greater per haploid genome,
requires the use of vectors capable of replicating large pieces of insert DNA. The vectors
developed to facilitate the cloning of large fragments of DNA are specially engineered A-
phage? and constructs known as cosmids that consist of an antibiotic-resistant plasmid into
which cos sites (cohesive ends) from \ have been cloned to allow in vitro packaging.’> Many
special features have been added to both types of vectors that enhance the analysis of the
insert DNA. Certain vectors have been engineered to facilitate deriving hybridization probes
for use in further experiments.

The N vectors available for genomic library construction are known as replacement
vectors. In these vectors, the central portion of the phage genome is not needed for lytic
replication and can be replaced by genomic DNA from the animal of interest. Vectors are
available that incorporate insert DNA of a variety of sizes up to 23 kb, and most currently
available vectors have been designed to maximize the size of the insert DNA. The size
constraints are provided by the in vitro packaging reaction. This reaction packages DNA
(vector + insert) into empty phage protein coats when the DNA is between 78 and 105%
of the size of wild-type A and is flanked by two cos sites.* Most available vectors also utilize
a selective system (based on the spi* phenotype) that does not allow growth of nonrecom-
binant bacteriophage. Recently developed vectors typically are engineered (by double digests
of closely linked restriction sites) to prevent religation of the nonessential central fragment,
eliminating the need for physical separation. In addition, these vectors contain the promoters
for T3 and T7 RNA polymerases that facilitate rapid synthesis of insert-specific probes for
use in chromosome walking and restriction mapping. Examples of A vectors with these
properties are Lambda DASH® II (Stratagene), as illustrated in Figure 1A, and A\GEM-11
(Promega).

Similar features have been engineered into cosmid vectors. One such vector system,
pWEI15 and 16,* available from Stratagene, is used as an example (Figure 1B). pWE1S has
T3 and T7 promoters and a BamHI cloning site flanked by Notl sites that permit excision
of the intact genomic insert. The small size, ~8.8 kb, of the vector permits cloning of 30-
to 42-kb genomic fragments, and the antibiotic resistance genes allow cloning in both
prokaryotic and eukaryotic host systems.

Since vectors capable of replicating large segments of insert DNA are available, the
quality, particularly the size, of the genomic DNA to be cloned is of critical importance.
Most cloning methods rely on restriction enzymes to generate clonable DNA. Any DNA
ends which are caused by breaks, rather than being generated by enzymes, will compromise
the cloning process. In order to realize the full potential of the phage and cosmid cloning
systems, great care must be exercised in preparing purified high molecular weight genomic
DNA for cloning.

Preparing genomic DNA for partial restriction-enzyme digestion requires special con-
sideration. As mentioned above, the DNA must be prepared carefully to insure that it is
large enough to yield approximately 20-kb and 30- to 40-kb fragments with two cohesive
ends for A and cosmid cloning, respectively. The cleavage should be random, although this
is an ideal situation that cannot be achieved due to the nonuniform distribution of restriction
sites in DNA. To enhance the generation of appropriate DNA fragments, the four base-pair
cutting enzyme Sau3A is used. Partial enzyme cutting is achieved by enzyme dilution or
time-course control.

The size of the library (the number of recombinant phage) needed to find a particular
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FIGURE 1. Cloning vector maps. (A) The Lambda DASH® I vector showing the restriction enzyme sites used
in arm preparation and cloning as well as the location of the promoters for the T3 and T7 RNA polymerases; (B)
the pWE16 cosmid vector showing the BamHI cloning site flanked by the T3 and T7 RNA polymerase promoters.
(Maps courtesy of John C. Bauer, Stratagene, La Jolla, CA.)

DNA sequence is dependent on the size of the genome of the organism and the size of the
insert DNA in each phage. If DNA sequence representation is completely random, the chance
of finding a sequence of interest can be calculated using the formula.'

_ In(l - P
T In(1 - XY)

where X is the insert size and Y is the size of the haploid genome. For a P (probability) of
0.99, it would be necessary to screen 9.2 X 102 X recombinants (20-kb inserts) or 4.3 X
10? cosmid recombinants (45-kb inserts) if the genome size is 4.2 X 10° bp (Escherichia
coil). For human DNA (3.3 X 10°-bp haploid genome), a P of 0.99 would require 7.6 X
10° A-recombinants or 3.4 X 105 cosmid recombinants. In these cases, approximately 3.5
genome equivalents would have to be screened.

In doing partial digests of DNA from a variety of species, it has been observed that a
variable proportion of the DNA is resistant to digestion with Sau3A and therefore is not
included in the library. To allow for this excluded DNA, the following formula can be used
to determine the included genome equivalents in the library.

®  # of genomes represented = (# of recombinant bp recovered)/(# of recombinant
bp/genome) X (% digestible DNA)



